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A B S T R A C T

BACKGROUND AND PURPOSE: The molecular groups WNT activated (WNT), Sonic hedgehog activated (SHH), group 3, and
group 4 are biologically and clinically distinct forms of medulloblastoma. We evaluated apparent diffusion coefficient (ADC)
values’ utility in differentiating/predicting medulloblastoma groups at the initial diagnostic imaging evaluation and prior to
surgery.
METHODS: We retrospectively measured the ADC values of the enhancing, solid portion of the tumor (EST) and of the whole
tumor (WT) and performed Kruskal-Wallis testing to compare the absolute tumor ADC values and cerebellar and thalamic ratios
of three medulloblastoma groups (WNT, SHH, and group 3/group 4 combined).
RESULTS: Ninety-three children (65 males) were included. Fifty-seven children had group 3/group 4, 27 had SHH, and 9 had
WNT medulloblastomas. The median absolute ADC values in the EST and WT were .719 × 10−3 and .864 × 10−3 mm2/s for group
3/group 4; .660 × 10−3 and .965 × 10−3 mm2/s for SHH; and .594 × 10−3 and .728 × 10−3 mm2/s for WNT medulloblastomas
(P = .02 and .13). The median ratio of ADC values in the EST or the WT to normal cerebellar tissue was highest for group 3/group
4 and lowest for WNT medulloblastomas (P = .03 and .09), with similar results in pairwise comparisons of the corresponding
thalamic ADC values (P = .02 and .06).
CONCLUSION: ADC analysis of a tumor’s contrast-enhancing solid portion may aid preoperative molecular classifica-
tion/prediction of pediatric medulloblastomas and may facilitate optimal surgical treatment planning, reducing surgery-induced
morbidity.
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Introduction
Medulloblastoma is a malignant brain tumor; this aggressive,
invasive embryonal neoplasm accounts for 40% of childhood tu-
mors in the posterior fossa.1 In the United States, the overall in-
cidence of medulloblastoma is around 1.5 per million people for
the past 40 years. Although outcomes in children with medul-
loblastoma have improved significantly in the last decades, this
group of pediatric brain tumors remains a substantial cause of
severe morbidity and mortality in young children.2

Until recently, medulloblastomas were classified based pri-
marily on histopathology, which included subtypes such as
classic medulloblastoma, desmoplastic/nodular medulloblas-
toma, medulloblastoma with extensive nodularity, and large
cell/anaplastic medulloblastoma.2,3 The 2016 WHO classifica-
tion of medulloblastoma accounts for demographic, clinical,

transcriptional, and genetic differences of medulloblastomas,
dividing them into four distinct groups: WNT activated (WNT),
Sonic hedgehog activated (SHH), group 3, and group 4. The
differentiation between medulloblastoma groups has been in-
creasingly used for risk-stratified management decisions to im-
prove outcomes and reduce therapy-related morbidities.4-7

With the advent of robust immunohistochemistry meth-
ods, molecular group information is increasingly available after
surgery for medulloblastoma and is recognized as the new stan-
dard for risk stratification in all clinical settings.4,9 A similar,
broadly useable, robust, and reproducible approach to presur-
gical molecular classification, however, may be valuable at the
time of the initial diagnostic imaging workup and operative
planning. Because magnetic resonance imaging (MRI) of the
brain is universally performed as the initial diagnostic imaging
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evaluation of patients with brain tumors, including medulloblas-
tomas, MRI-based, preferably quantitative biomarkers would
be of benefit.

Conventional MRI may provide some clues for molec-
ular grouping using features such as location and con-
trast enhancement after intravenous gadolinium-based contrast
injection.8,10,11 However, diffusion-weighted imaging (DWI) has
been shown to allow differentiation among medulloblastoma
and other common nonembryonal tumors (ependymoma and
juvenile pilocytic astrocytoma) in the posterior fossa on the ba-
sis of differences in apparent diffusion coefficient (ADC) values.
Correlations between ADC values and histopathological phe-
notypes are also suggested: for example, higher mean ADC val-
ues were found to be more characteristic of large-cell/anaplastic
medulloblastoma than of classic medulloblastoma.10

Capitalizing on a relatively large patient cohort with avail-
able molecular data, in this study, we report ADC values ac-
quired by using two region-of-interest (ROI)-based approaches
in pediatric medulloblastomas, the results of statistical analysis
to test for possible correlation between those values, and avail-
able immunohistochemistry-based molecular grouping data.

Methods
Retrospective review of the patients’ medical files was con-
ducted after approval and waiver-of-consent obtained from the
institutional research boards of all participating institutions.

Subjects

The inclusion criteria for this study were as follows: (1) diagno-
sis of medulloblastoma under 18 years of age; (2) availability of
molecular group assignment; and (3) availability of ADC map
images of the tumor. Eligible patients were identified through
an electronic search of the pediatric neuroradiology databases
of the participating tertiary children’s hospitals for the time
period of January 2008 to February 2016.

MRI Data Acquisition

All MRI studies were performed on 1.5-T scanners (Siemens
Avanto, Erlangen, Germany) by using standard departmental
pediatric tumor protocol including isotropic gradient-echo T1-
weighted images; axial T2-weighted and T2-FLAIR images;
and axial, coronal, and sagittal T1-weighted images after in-
travenous injection of gadolinium-based contrast agent. DWI
sequences were acquired by using a diffusion-weighted single-
shot echo-planar sequence with diffusion gradients along the X-,
Y-, and Z-axes and effective b-values of 0 and 1,000 s/mm2, but
some sequence parameters were slightly different at the three
participating institutions. At institution 1 and 2, scan parameters
were as follows: TR, 8,000 ms; TE, 91 ms; matrix 192 × 92;
field of view, 240 mm × 240 mm; and slice thickness, 3 mm.
At institution 3, scan parameters were as follows: TR, 10,000
ms; TE, 100 ms; matrix, 128 × 100; field of view, 230 × 100
mm; and slice thickness, 3 mm. ADC maps were automati-
cally calculated by the vendor-specific in-line software on the
MRI scanners. DWI was always performed before intravenous
contrast injection.

Image Analysis

Image analysis was performed on the picture-archiving and
communication system workstation in each institution. We used

methods similar to Poretti et al’s to measure ADC values12

(Figs 1 and 2). The person placing the ROI for all studies
was blinded to the conventional histopathology and molec-
ular data. First, the enhancing, solid portion of the tumor
(EST) was identified on contrast-enhanced axial T1-weighted
images and correlated with the matching ADC maps. ROIs of
40-100 mm2 were placed in the area corresponding to the EST
on the ADC maps, as previously described.12 Subsequently,
the whole tumor (WT) was identified on axial T2-weighted and
T2-weighted fluid-attenuated inversion recovery images and
matching ADC maps. ROIs were placed to cover the WT,
including enhancing and nonenhancing solid, as well as cys-
tic lesion components. Peritumoral edema was excluded. For
both measurements, three different ROIs were placed in the
tumors on three representative contiguous MRI slices. The me-
dian (or “absolute”) ADC value was calculated for each tumor.
One ROI of approximately 115-125 mm2 was placed within
the normal-appearing cerebellar tissue (including both gray and
white matter) to obtain a control cerebellar ADC value (Fig 3),
and two ROIs of approximately 50-60 mm2 were placed in
both thalami (easily and readily identifiable structure on ADC
map images and usually considered to be resistant to possible
changes related to hydrocephalus). The average thalamic ADC
values were calculated to obtain a second control ADC value.
Finally, the ratios between the ADC values of the tumors (EST
and WT separately) and the cerebellar and thalamic control
ADC values were calculated.

We also calculated means and standard deviations for each
of the “reference” measures (cerebellum, L thalamus, R thala-
mus, and thalamus average) to compute percent coefficients of
variation (defined as the SD/mean).

Molecular Group Information

Molecular group data were acquired from the electronic med-
ical records at the participating institutions. Medulloblastomas
were categorized as WNT, SHH, or non-WNT/non-SHH (ie,
group 3 and 4 combined). Molecular group was determined by
immunohistochemistry.9

Statistical Analysis

Nonparametric methods were used to summarize and com-
pare the data across molecular or histopathologic groups be-
cause most measures were not normally distributed. Demo-
graphic and clinical characteristics were summarized with
counts and percentages or medians and interquartile ranges
(IQRs). Fisher’s exact tests were used to compare categorical
data across the three molecular groups. Three group compar-
isons for continuous measures were made using the Kruskal-
Wallis test. For the significant three-group comparisons, pair-
wise comparisons were conducted using the Wilcoxon rank
sum test to identify which groups differed. We performed
analyses using SAS version 9.3 and 9.4 (SAS Institute, Inc.
Cary, NC, USA). All tests were two-sided, and significance
was set at P < .05. No adjustment was made for multiple
comparisons.

Results
The inclusion criteria were fulfilled for 93 children (65 males).
The median age at presurgical MRI was 7 years (IQR,
4-10 years). Demographic and clinical features are presented
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Fig 1. Sample region of interest (ROI) placement in the Whole Tumor. Axial T2-weighted (A) and fluid-attenuated inversion recovery (B)
images show a large, midline, intraventricular solid mass with heterogeneous signal. Axial contrast-enhanced T1-weighted image at the same
level as (A) and (B) demonstrates heterogeneous enhancement (C). ROI is drawn outlining the entire tumor on the apparent diffusion coefficient
map (D).

in Table 1. Fifty-seven children (61%) had group 3/group 4
(Fig 4), 27 (29%) had SHH (Fig 5), and 9 (10%) had WNT
medulloblastomas (Fig 6).

Median (IQR) absolute ADC values and ratios by molecular
groups are presented in Table 2. The median (IQR) absolute
ADC values in EST and WT were .719 (.632-.818) × 10−3 and
.864 (.788-1.068) × 10−3 mm2/s for group 3/group 4, .660 (.574-
.797) × 10−3 and .965 (.735-1.130) × 10−3 mm2/s for SHH, and
.594 (.573-.675) × 10−3 and .728 (.617-.841) × 10−3 mm2/s for
WNT medulloblastomas (P = .02 and .13) (Fig 7).

The median (IQR) ratio of ADC values in EST and in WT to
that in normal cerebellar tissue was 1.017 (.874-1.104) and 1.258
(1.090-1.411) for group 3/group 4, .895 (.826-1.024) and 1.291
(1.038-1.625) for SHH, and .888 (.815-.928) and 1.029 (.902-
1.184) for WNT medulloblastomas (P = .03 and .09) (Fig 8).

The median (IQR) ratio of ADC values in EST and in
WT to that in normal thalamic tissue was .922 (.800-1.066)
and 1.126 (.991-1.342) for group 3/group 4, .791 (.744-.933)

and 1.155 (.979-1.381) for SHH, and .754 (.661-.839) and .936
(.808-1.015) for WNT medulloblastomas (P = .02 and .06)
(Fig 9).

The median (IQR) absolute ADC values and ratios by con-
ventional histopathology categories are presented in Table 3.
We found none of the absolute ADC measures and ratios in
EST or WT to be different across histopathology groups.

Percent coefficients of variation for the reference measure-
ments in the cerebellum and thalami were consistently around
14%, which is usually considered “good precision.”

Pairwise Comparisons

The absolute ADC values in the EST were highest in group
3/group 4 and significantly differed from those of WNT (.7268
vs. .5824; P = .01), which had the lowest ADC values. The
ratio of ADC values in EST to those in normal cerebellum was
highest in Group 3/Group 4 (1.0293), which differed from both
SHH (.9558; P = .049) and WNT (.8837; P = .03). Similarly,
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Fig 2. Sample region of interest (ROI) placement in the enhancing solid tumor. Axial contrast-enhanced T1-weighted image demonstrates
heterogeneous enhancement (A). ROI is drawn on enhancing solid tumor on the apparent diffusion coefficient map (B).

Fig 3. Sample region of interest (ROI) placement for control values in thalami and cerebellum. ROI placed on both thalami on the apparent
diffusion coefficient (ADC) map (A). ROI placed in the normal cerebellar tissue on the ADC map (B).

Table 1. Demographic and Clinical Characteristics of Medulloblastoma Patients

Molecular Group

SHH WNT Group 3/4
Characteristic (N = 27) (N = 9) (N = 55) P-value

a

Age in years, median (interquartile range) 3 (2-10) 10 (9-11) 7 (5-10) .003
Sex .79

Male 18 (67%) 6 (67%) 41 (72%)
Female 9 (33%) 3 (33%) 16 (28%)
Site .96
Emory University 4 (15%) 1 (11%) 8 (14%)

Johns Hopkins Hospital 1 (4%) 0 (0%) 1 (2%)
St Jude Children’s Research Hospital 22 (81%) 8 (89%) 48 (84%)
Pathology group <.001

Anaplastic 1 (4%) 0 (0%) 13 (23%)
Classic 4 (15%) 9 (100%) 44 (77%)
Desmoplastic 22 (81%) 0 (0%) 0 (0%)

N = number of subjects.
aAll P values determined via Fisher’s exact test, except age, which was via Kruskal-Wallis test.
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Fig 4. SHH tumor. T2-weighted axial MRI showing a heterogeneous T2-hyperintense mass lesion in the midline with intrinsic and peripheral
cystic areas (A). Axial contrast-enhanced T1-weighted MRI at the same level reveals heterogeneous enhancement (B).

Fig 5. WNT tumor. T2-weighted axial MR images show a heterogeneous hyperintense mass in the fourth ventricle extending into the left
foramen of Luschka.

the ratio of ADC values in EST to those in normal thalamus
was highest in Group 3/Group 4 (.9304), significantly differing
from the ratios in both SHH (.8519; P = .046) and WNT (.7584;
P = .01).

Discussion
Medulloblastomas have four distinct molecular groups based on
gene expression or DNA methylation profiling (WNT, SHH,
group 3, and group 4). Compared to conventional tumor his-
tology (ie, classic and variants, such as desmoplastic, large
cell/anaplastic, and extensive nodularity), these groups are bet-
ter correlated with clinical features, imaging characteristics, and
outcomes.4,5,13 For example, group 3/4 tumors always develop
in the fourth ventricle, whereas WNT tumors predominantly
occur within the foramen of Luschka or cerebrospinal fluid-
filled spaces adjacent to that (fourth ventricle, cisterna magna,

and cerebellopontine angle cistern). SHH medulloblastomas
are characteristically hemispheric and, more rarely, may be in
the midline, including the fourth ventricle.6,11 Location is a use-
ful imaging feature but, unfortunately, there is a spatial overlap
of all four molecular groups in the fourth ventricle, which is the
most common, “classic” location of medulloblastomas in about
75% of patients.4,14

Molecular grouping data are the core of all current
risk-stratification schemes, although typically used with
other factors (metastatic status, TP53 mutation, MYC am-
plification, chromosome 13 loss, etc) to maximize survival
and minimize treatment-related side effects.15,16 Because
MRI, including advanced MRI sequences such as DWI
with calculation of ADC maps, is systematically used in
most pediatric healthcare facilities, objective, noninvasive
quantitative evaluation of posterior fossa tumors, suspected to
correspond to medulloblastoma, is already achievable before
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Fig 6. Non-SHH/non-WNT tumor. T2-weighted axial MR image showing mixed intense signal in midline, intraventricular tumor in the posterior
fossa (A). Axial contrast-enhanced T1-weighted MR image at the same level reveals moderate enhancement (B).

Table 2. Median Medulloblastoma Apparent Diffusion Coefficient (ADC) Measurements and Ratios

Molecular Group

SHH WNT Group 3/4
Measure (N = 27) (N = 9) (N = 55) P-value

a

Absolute ADC in enhancing solid tumor, × 10−3 mm2/s .660 (.574-.797) .594 (.573-.675) .719 (.632-.818) .02
b

Absolute ADC in whole tumor, × 10−3 mm2/s .965 (.735-1.130) .728 (.617-.841) .864 (.788-1.068) .13
Cerebellar ratio in enhancing solid tumor .895 (.826-1.024) .888 (.815-.928) 1.017 (.874-1.104) .03

c

Cerebellar ratio in whole tumor 1.291 (1.038-1.625) 1.029 (.902-1.184) 1.258 (1.090-1.411) .09
Thalamic ratio in enhancing solid tumor .791 (.744-.933) .754 (.661-.839) .922 (.800-1.066) .02

d

Thalamic ratio in whole tumor 1.155 (.979-1.381) .936 (.808-1.015) 1.126 (.991-1.342) .06

N = number of subjects.
aP-value is from the Kruskal-Wallis test comparing all three groups.
bOn pairwise comparison, Group 3/4 differed from WNT (P = .01).
cOn pairwise comparison, Group 3/4 differed from both SHH (P = .049) and WNT (P = .03).
dOn pairwise comparison, Group 3/4 differed from both SHH (P = .046) and WNT (P = .01).

surgery with a high level of confidence.17This approach may
allow preliminary prognostication and enhanced surgical
planning.

In this retrospective research, our aim was to assess the value
of ADC sampling across the molecular groups to find a simple,
reproducible, quantifiable, and user-independent tool for MRI-
based prediction of molecular medulloblastoma groups. We
used both absolute ADC values and ratios, which are easier to
measure/calculate in daily clinical work and are likely to correct
for variability in patient age (hence brain maturation), as well
as scanner and imaging acquisition variability; the latter are
unavoidable in collaborative multicenter retrospective studies,
like ours. ADC ratios have also been used in multicentric studies
to compare data among different institutions.18

In several previous studies, including one conducted by
Poretti et al,10 the ADC values were significantly higher in low-
grade than in high-grade tumors, reflecting the different intratu-
moral cellular densities according to tumor grade. In a study by
Gauvain et al,19 ADC ratio (tumor vs. normal-appearing cere-
bellar tissue) and histologic classification correlated well in five
pediatric posterior fossa tumors. A similar approach was used
in our study.

In biological specimens, ADC values are determined by the
proportions of intracellular and extracellular water compart-
ments. High cellularity and high nuclear-to-cytoplasmic ratio
are associated with low ADC values. A more facilitated water
motion in the interstitial space may contribute to higher ADC
values.19 Consequently, in classic medulloblastomas where cells
are very small and firmly packed with scant cytoplasm, reduced
water motion or greater water restriction presents with relatively
low ADC values. In anaplastic or large-cell medulloblastoma,
the tumor cells are larger and less tightly packed, resulting in
higher ADC values.10,20,21

In studies conducted by Northcott et al4 and Kool et al,22

all (9/9) WNT tumors were described as classic medulloblas-
tomas, and most (22/27) SHH tumors were desmoplastic. In
the study conducted by Ellison et al,9 most (44/58) group
3/4 medulloblastomas were classic, and the rest (11/58) were
anaplastic/large-cell variant.

In our study, Group 3/4 tumors showed the highest median
ADC values in the EST, the highest ratio of EST ADC values to
normal cerebellum ADC values, and the highest ratio of EST
ADC values to normal thalamus ADC values, which may be
explained by the fact that they have the highest percentage of
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Fig 7. Scatter diagram of absolute apparent diffusion coefficient
(ADC) values in enhancing solid part of the tumor (EST) for all molec-
ular groups.

the anaplastic variant among the tumors in the study group.
In contrast, the WNT tumors consisted entirely of the classic
medulloblastoma variant and had the lowest median ADC val-
ues in the EST and the lowest ratios of EST ADC values to
ADC values in normal cerebellum or normal thalamus, which
can be explained by the high nucleus to cytoplasm ratio and
densely packed small cells in this group.21,22,23 SHH tumors
had intermediate values across all three comparisons, which
could be due to the heterogeneous histopathological presen-
tation with all three histopathological variants represented in
these tumors in our study population. The ADC values being
somewhat closer to the WNT tumors could be because, in most
of the desmoplastic medulloblastomas (maximum presentation
in our study group of SHH tumors; 22/27), the extracellular wa-
ter motion is likely restricted by dense reticulin fibers, resulting
in low ADC values.10,24,25

The absolute ADC values for the WT and ADC ratios
(WT/normal cerebellum and WT/normal thalamus) did not
show statistically significant correlation, which could be due to
often prominent intratumoral heterogeneities in these tumors,
such as hemorrhage, edema, necrosis, and cysts.10,12

We acknowledge limitations to our study. The total num-
ber of patients may be relatively high but is not uniformly
distributed for every histological subtype and included pedi-
atric patients only. Although areas of cysts, gross necrosis,
and hemorrhage were excluded as much as possible while
measuring the ADC values of the EST, microscopic necrosis
and intratumoral variation in cell size certainly contribute to

Fig 8. Scatter diagram of ADC ratios of enhancing, solid part of the
tumor (EST) to normal cerebellar tissue for all molecular groups.

Fig 9. Scatter diagram of ADC ratios of enhancing solid part of the
tumor (EST) to normal thalamus for all molecular groups.
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Table 3. Median (Interquartile Range) Medulloblastoma ADC Measurements and Ratios by Histopathology Subgroup

Histopathology subgroups

Measure
Anaplastic

(N = 14)
Classic
(N = 57)

Desmoplastic
(N = 22) P-value

a

Absolute ADC in Enhancing solid tumor (EST), × 10−3 mm2/s 0.712 (0.632-0.807) 0.700 (0.594-0.781) 0.660 (0.578-0.797) 0.60
Absolute ADC in Whole Tumor (WT), × 10−3 mm2/s 0.965 (0.884-1.068) 0.846 (0.748-1.080) 0.927 (0.729-1.080) 0.20
Cerebellar ratio in Enhancing solid tumor (EST) 1.045 (0.842-1.143) 0.965 (0.860-1.067) 0.911 (0.860-1.011) 0.40
Cerebellar ratio in Whole Tumor (WT) 1.346 (1.253-1.515) 1.215 (1.040-1.411) 1.252 (1.038-1.443) 0.13
Thalamic ratio in Enhancing solid tumor (EST) 0.916 (0.820-1.066) 0.907 (0.751-0.989) 0.806 (0.758-0.933) 0.47
Thalamic ratio in Whole Tumor (WT) 1.211 (1.119-1.415) 1.040 (0.950-1.342) 1.150 (0.933-1.343) 0.13

aP-value is from the Kruskal-Wallis test comparing all 3 groups.

variations in cell density that would be expected to affect diffu-
sion measurements. Moreover, our study was focused on only
one imaging parameter for tumor differentiation. We did that
because we wanted to use a robust, simple, widely available
tool for tumor analysis. However, multiparametric analysis in-
cluding data from magnetic resonance spectroscopy, perfusion-
weighted imaging, diffusion-tensor imaging, and ADC his-
togram profiling may further increase the power of predicting
molecular tumor group with greater accuracy.26

Because there is a considerable overlap in the distribution
of ADC values/ratios between medulloblastoma groups, our
method alone may not allow accurate group determination in
each individual case. Furthermore, the immunohistochemical
method used for group assessment in our cohort did not allow
differentiation between group 3 and group 4 tumors. However,
the use of DWI-based ADC analysis of tumors in conjunction
with other robust and well-established group features (location
and enhancement in particular) may permit a fairly confident
group prediction at the initial diagnostic imaging evaluation of
children with suspected medulloblastoma, which may be par-
ticularly useful in tumors located within the fourth ventricle
where all four molecular medulloblastoma groups may be en-
countered. Preliminary molecular information may be a useful
adjunct to discussions about prognosis with patients and fami-
lies at the initial diagnosis, but it may have some implications
for surgical planning, too. The current standard of surgical care
for medulloblastoma is maximal safe tumor resection. Histori-
cally, residual tumor (>1.5 cm2) has been associated with worse
prognosis compared to that of patients undergoing gross total tu-
mor resection (GTR).26,27,28 This conclusion, however, has been
challenged recently, and an increasing number of investigators
believe that sub- or near-total tumor resection is acceptable in
specific settings.29 Although GTR has a statistically significant
positive effect on overall survival in SHH medulloblastoma di-
agnosed in childhood, a similar correlation has not been found
in group 3 and group 4 medulloblastomas.

In view of the fairly frequent (11-29%) development of
postoperative cerebellar mutism syndrome in midline intra-
ventricular medulloblastoma patients, preoperative determina-
tion of molecular groups may have implications on surgical
strategies.30

Cerebellar mutism syndrome develops after bilateral surgi-
cal damage to the proximal efferent cerebellar pathways (den-
tate nuclei and superior cerebellar peduncles); therefore, spar-
ing at least one of the two efferent cerebellar pathways even at
the cost of leaving a small amount of residual tumor may be a
consideration in putative group 3 and group 4 tumors. WNT

tumors have invariably favorable prognosis, so sparing at least
one of the efferent cerebellar pathways may not decrease sur-
vival in these patients either. Conversely, because failure in the
form of local recurrence is most common in SHH medulloblas-
toma, gross-total tumor resection would confer survival benefit
to group 2 medulloblastoma patients.

In summary, our study shows that assessing ADC values
in solid enhancing, nonnecrotic, nonedematous tumor regions
might allow differentiation of group 3/4 tumors from WNT and
SHH groups, which may facilitate optimal treatment planning
and reduce surgery-induced morbidity. These data should be
used with other robust MRI features, such as enhancement
and location. The combined use of these parameters and the
metastatic status of the disease, if validated in larger series, may
allow the development of an MRI-based prognostication and
risk-prediction algorithm to be used preoperatively.
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